BACKGROUND
Tests pending at discharge (TPADs) are investigations that are collected during a patient's hospitalization, but the final results of which are incomplete at the time of discharge.
1 Between 41% and 100% of patients leave hospital with at least one TPAD, influenced in part by pressure on inpatient physicians to reduce length of stay. 1, 2, 8 Approximately 30% to 40% of finalized TPAD results are likely to change patients' management, 1 so timely follow-up is vital to ensure diagnosis and treatment are not delayed. [4] [5] [6] [7] To avoid discontinuity when patient care is transferred from inpatient physicians in the hospital setting to primary care providers (PCPs) in the community, 9 a plan to follow-up any TPADs must be created as part of the discharge process, documented in the discharge summary, and shared with the patient's outpatient physicians. Unfortunately, studies show that discharge summaries often fail to include TPADs requiring follow-up. 9 After patients are discharged, their physicians must be notified when TPAD results become available so appropriate follow-up actions can be taken. 1 Surveys of inpatient physicians have shown that they are often unaware of the majority of the results of their discharged patients' finalized TPAD results, [1] [2] [3] and PCPs face barriers in accessing patients' test results from their hospitalization. 10 Thus, many physicians are dissatisfied with current models for managing TPADs. We sought to synthesize the existing literature on interventions intended to improve the management of TPADs, including interventions designed to document TPADs, increase physician awareness when TPAD results finalize post-discharge, decrease adverse events related to missed TPADs, and increase physician satisfaction with TPAD management.
METHODS

Identification and Selection of Studies
We searched Medline, EMBASE (excluding book and conference materials), CINAHL, Cochrane Database of Systematic Reviews, Cochrane Database of Controlled Clinical Trials, and PubMed (for publisher-supplied citations) for studies on diagnostic tests, continuity of patient care or tests pending, and patient discharged from any clinical setting, published from January 1, 2000, to November 10, 2016 (Appendix A). No language limits were applied. We set the year 2000 as a lower limit, as few relevant articles exist prior to this time, and modern EHRs render older studies obsolete.
We selected studies for inclusion if they met the following criteria: (1) the intervention related to improving management of TPADs in a medicine inpatient ward or Emergency Department (ED) setting; (2) the study analyzed original data and was a random control trial (RCT) or prospective observational study with comparator; (3) the study involved adult patients; (4) the study measured an outcome related to patient mortality, morbidity, or impact on the process of healthcare delivery (Appendix B). This process was conducted by two reviewers, with any disagreements resolved by a senior reviewer.
Data Extraction
Using a structured data extraction instrument (Appendix C) modeled after previous work by Haynes, 11 we collected basic identifying information [authorship, full manuscript publication (yes/no), publication date, funding source], study design (RCT or prospective observation study with pre/post analysis), setting (inpatient medicine ward or ED), and details of the intervention. As per Haynes' methodology, a study was deemed effective if the intervention resulted in a positive effect in ≥ 50% of the study's primary outcomes, and ineffective otherwise. 11 
Study Appraisal
Recognizing that no single validated appraisal instrument fit our needs because of the heterogeneity of eligible articles, we developed a structured study quality tool derived from existing instruments with guidance from a senior co-author who is a recognized expert in systematic reviews. 22 In particular, we determined that a high-quality study of a TPAD intervention would include the following: (1) the demographics and comorbidities of enrolled patients ('Patient Data'); (2) the level of training (e.g., clerk, nurse, medical resident) of the discharging staff member; (3) a definition of the particular TPADs of interest ('TPAD Definition'); (4) a definition of the clinical significance of the TPAD ('Actionable TPAD Definition'); (5) an outcome measure directly related to TPADs (e.g., physician awareness of TPAD result) ('TPAD Outcome'); (6) discussion of the cost of implementation and maintenance of the intervention ('Cost'); (7) an outcome measure related to the satisfaction of staff members using the intervention ('Intervention Usability'). Thus, each study was judged as meeting or not meeting each of these criteria and assigned a score ranging from zero to seven.
RESULTS
Our literature search ( Fig. 1) identified 10,252 citations (8647 excluding duplicates). After brief screening by title and abstract, we reviewed the full text of 66 manuscripts and identified 9 studies that met all inclusion criteria (Fig. 1) . [12] [13] [14] [15] [16] [17] [18] [19] [20] As evident in our findings from the study quality appraisal and overview of the intervention characteristics, the nine included studies were heterogeneous with respect to design and outcomes (Table 1) . In subsequent sections we appraise the studies' designs; general categories of interventions that have been tested and their characteristics; and the efficacy of these interventions to improve documentation of TPADs, increase physician awareness when TPAD results finalize post-discharge, decrease adverse events related to missed TPADs, and improve physician satisfaction with TPAD management.
Study Design and Appraisal
Five of the included studies were RCTs, 12, 13, 15, 16, 20 and the remaining four were prospective observational studies with pre and post comparison (Table 1) . 14, [17] [18] [19] Overall, the mean quality score using our structured instrument was 3.4 (with zero being the lowest and seven being the highest possible score) ( Table 2 ). Studies by Dalal and El-Kareh each scored six, while Dinescu, Graumlich, and Kantor each scored two. [13] [14] [15] [16] Dalal, El-Kareh, and Cadwallader collected demographic data on both patients and staff members involved in the intervention, while Kantor collected neither. 13, 15, 17, 19 Dalal, El-Kareh, and Kantor specifically defined the categories of TPADs their interventions targeted (e.g., microbiology), and Dalal, El-Kareh, and Cadwallader defined the conditions under which TPAD results were deemed clinically significant. 13, 15, 17, 19 Five of the nine studies assessed some aspect of user satisfaction with the interventions. 13, 15, [18] [19] [20] Only Balaban and Jack specifically addressed the implementation cost of the intervention being studied. 12, 20 
Intervention Characteristics
We identified three different types of interventions that were evaluated to enhance TPAD management: six studies focused on enhanced discharge summary templates, 12, [16] [17] [18] [19] [20] one study used an educational intervention, 14 and two studies implemented email notifications when TPADs were finalized (Table 3) . 13, 15 Each type of intervention is discussed in detail below.
Discharge Summary Template Interventions. O'Leary, Graumlich, and Cadwallader studied electronic discharge summary applications that included a field into which the discharging physician could manually enter patients' TPADs. 16, 18, 19 In O'Leary's intervention, the automatically generated discharge summary was faxed to the patient's PCP and submitted to the patient's EHR; if the discharge summary was not completed within 24 hours of the patient leaving the hospital, then the discharging physician automatically received a reminder. 18 Graumlich's application generated one version of the discharge summary for the patient and one for the patient's PCP, although it was not clear how the document was transmitted to the PCP. 16 Cadwalladers' application generated a printed copy of the discharge summary, which was mailed to the PCP. 19 Jack and Balaban's studies evaluated multifaceted interventions to improve the discharge process, including components to ensure TPADs were documented in the discharge summary. 12, 20 In Balaban's study, a nurse completed an electronic 'Patient Discharge Form' that included a field in which to document TPADs, with one version of the form transmitted to the patient's PCP's office and a 'user-friendly' version provided to the patient. 12 In Jack's study, a nurse manually recorded TPADs in an 'AfterHospital Care Plan' (AHCP) template, verbally reviewed all TPADs with the patient, provided a version of the ACHP to the patient, and transmitted another version of the AHCP to the patient's PCP and other relevant physicians. 20 Lastly, Kantor studied an electronic discharge application that automatically compiled a list of laboratory, microbiology, and pathology TPADs, using data drawn from the EHR. 17 The discharging physician then indicated which TPADs in the provided list should be included in the discharge summary generated by the application. 17 Educational Interventions. Dinescu used an educational intervention in which dictated discharge summaries were audited using a 21-item checklist, including documentation of TPADs. Enrolled discharging physicians were then provided one-on-one feedback on deficiencies detected in their discharge summaries, including whether TPADs were documented.
14 Email Notification Interventions. Dalal's intervention automatically emailed the patients' discharging physicians and PCPs when chemistry, hematology, radiology, pathology, or microbiology TPAD results were finalized. 13 The application attempted to address alert fatigue by grouping results into a single email. 13 El-Kareh developed a similar email alert system focusing exclusively on microbiology TPADs. 15 To limit alert fatigue, ElKareh's application sent messages only for positive cultures that were deemed to be inappropriately treated at discharge. 15 
Impact on Improving Documentation of TPADs
Four of the nine studies evaluated the impact of their intervention on documentation of TPADs. Implementation of Cadwallader, Kantor, O'Leary, and Dinescu's interventions was associated with significantly improved documentation of TPADs in discharge summaries. 14, [17] [18] [19] El-Kareh reported email alerts had a positive impact on documentation of physician follow-up actions in response to finalized microbiology TPAD results (Table 4) . 15 Cadwallader, Kantor, and O'Leary evaluated whether enhanced discharge summary templates with a field for documenting TPADs would improve the inclusion of TPADs in the discharge summary. 17, 18, 19 Cadwallader reported that 12% (87/701) of TPADs were documented in discharge summaries generated pre-intervention compared to 22% (178/812) of TPADs documented in discharge summaries generated after the intervention was implemented (p = 0.02). 19 Kantor showed that the percentage of discharge summaries that communicated all TPADs increased from 8% prior to the intervention to 26% after the intervention had been implemented (p = 0.002). 17 As part of a quality score for discharge summaries created before and after the intervention, O'Leary reported an increase in the percentage of discharge summaries that documented TPADs from 13% (14/101) pre-intervention to 46% (44/95) post-intervention (p = 0.001). 18 Dinescu evaluated whether their educational intervention improved the percentage of discharge summaries documenting TPADs. The study reported that 42% (42/100) of discharge summaries included TPADs when dictated by physicians during the pre-intervention period, whereas 81% (81/100) of discharge summaries included TPADs when dictated by physicians who had received audit feedback during the intervention period (p = 0.02).
14 El-Kareh evaluated the impact of email alerts on physicians' documentation when microbiology TPADs finalized. 15 The percentage of microbiology TPAD results with documentation of follow-up actions taken by the discharging physician within 72 hours of the test being finalized was higher in the intervention group receiving alerts compared to physicians in the control group receiving usual care, from 13% (8/60) in the control group to 28% in the intervention group (27/97) (p < 0.01). 15 
Impact on Physician Awareness of Finalized TPAD Results
Dalal and El-Kareh evaluated whether email notifications enhanced the awareness of finalized TPAD results by patients' discharging physicians and outpatient physicians. 13, 15 Dalal showed that the percentage of discharging physicians' selfreported awareness of TPAD results 72 hours after finalizing was 38% (52/136) in the control group compared to 76% (106/ 13 El-Kareh reported that patients' inpatient and outpatient physicians were more likely to be aware of finalized microbiology results when receiving email alerts compared to physicians in the control group, but this improvement was not statistically significant. 15 
Impact on Adverse Events Related to Missed TPADs
Although none of the nine studies specifically measured the effect of their interventions on downstream patient harm due to delayed follow-up of TPADs, four studies did include patient outcomes related to adverse events in the post-discharge period. 12, 16, 18, 20 O'Leary surveyed outpatient physicians (PCPs and specialists) receiving discharge summaries to determine whether one or more of their patients in the previous 6 months had experienced an adverse or near-miss event as a result of poor communication at the time of discharge from the hospital. 18 Although O'Leary's study did not capture which qualifying events were due to missed TPADs, the percentage of outpatient physicians who reported preventable errors related to communication at transfer of care decreased from 66% in the pre-intervention period to 53% when the enhanced electronic discharge summary was implemented (p = 0.008). 18 Graumlich's study measured adverse events occurring within one month post-discharge because of delayed follow-up care (which may have indirectly addressed patient harm due to missed TPADs), but did not find a statistically nor clinically significant impact of their intervention on this outcome. 16 Jack found that 31% (116/370) of patients in their intervention group had ED visits or hospital readmissions within 30 days of discharge versus 45% (166/368) of patients in the control group (p = 0.009). 20 Balaban's intervention had no effect on ED visits and re-hospitalization rates 31 days post-discharge. 12 Unfortunately, neither study measured a TPAD-related process outcome 
Impact on Physician Satisfaction with TPAD Management
Three of the nine studies measured their interventions' impact on physician satisfaction with TPAD management. 13, 18, 19 O'Leary found that compared to the pre-intervention baseline, outpatient physicians reported significantly greater satisfaction on a 5-point Likert scale (1 being very dissatisfied, 5 very satisfied) with the quality of the discharge summaries they received during the intervention period (mean score of 3.04 versus 3.64, p < 0.001). 18 By contrast, Cadawaller found that discharging physicians were divided evenly with respect to whether the intervention positively impacted the overall quality of the discharge summary, the ease of documentation of TPADs, and the quality of transfer of care communication with outpatient physicians. 19 While not analyzed for statistical significance, survey results in Dalal's study indicated that physicians in the intervention arm receiving email alerts reported higher satisfaction with TPAD management compared to physicians in the control group. 13 
DISCUSSION
We identified nine studies that evaluated three different strategies to enhance TPAD management. [12] [13] [14] [15] [16] [17] [18] [19] [20] The first approach was to implement a discharge summary template to document patients' TPADs. 12, [16] [17] [18] [19] [20] The second approach involved an educational intervention to ensure physicians' dictated discharge summaries included TPADs.
14 The third approach was to notify patients' physicians of finalized TPAD results using email alerts (Table 2) . 13, 15 Available studies suggest that This review identified six studies evaluating enhanced discharge templates and one study of a physician educational intervention to ensure TPADs are documented in the discharge summary. 12, 14, [16] [17] [18] [19] [20] Four of these seven studies, Cadwallader, Kantor, O'Leary, and Dinescu, measured a process outcome related to TPAD documentation. 14, [17] [18] [19] Although all four studies were associated with a significant improvement in the documentation of TPADs in discharge summaries, 14, [17] [18] [19] none demonstrated that improving TPAD documentation prevented patient harm from missed or delayed follow-up of TPAD results. For example, Cadawaller and O'Leary measured the effect of their interventions on documentation of TPADs in the discharge summary and its transmission to patients' primary care teams, but neither study evaluated whether patients' outpatient physicians received the discharge summary or followed-up on TPADs. Balaban and Graumlich also studied interventions to improve documentation of TPADs in the discharge summary, but failed to establish any impact on outcomes related to post-discharge patient morbidity, such as hospital readmissions or ED visits. 12, 16 Including a list of TPADs in a discharge summary can alert the patient's physicians to tests requiring follow-up, but this approach is limited as outpatient providers may not receive the discharge summary or have access to the patient's hospital medical record to review finalized TPAD results. Thus, more research is needed to evaluate whether including TPADs in the discharge summary reduces patient harm.
An automated email notification system to alert physicians when TPAD results finalize is a promising approach that was shown to improve both physicians' awareness 13 and documentation of completed test results, 15 but this intervention faces barriers to being widely adopted. First of all, there is literature showing that an EHR with a notification system can lead to physician users becoming overwhelmed by too many messages. 23 Similarly, in El-Kareh's study, despite implementing an algorithm to prevent spurious alerts, 85% of emails were generated for untreated urine cultures of unknown clinical significance. 15 Second, it is important to note that Dalal and El-Kareh's interventions used sophisticated computer applications that integrated with their organizations' extensible EHRs. 13, 15 Replicating these interventions would require significant institutional investments in IT infrastructure and expertise, a challenging proposition in less resource-rich healthcare settings. While innovative and effective, email alerts for TPADs are limited by the inability of automating heuristics to identify actionable test results and the lack of generalizability. Ultimately, we view the email alerts as a promising intervention, particularly if the notification system integrates with EHR to ensure physician accountability for prompt follow-up of TPADs with high potential for patient harm if missed (e.g., sputum positive for tuberculosis or biopsy positive for malignancy).
Despite the heterogeneity of the designs used by the nine studies in this review, it is clear that both process and patientrelated outcomes are necessary to evaluate the ability of an intervention to improve follow-up of TPADs. Balaban, Jack, and Graumlich measured readmission rates and other measures of patient morbidity, but did not include TPAD-related process outcomes that could have established a relationship between follow-up of TPAD results and downstream patient harm. 12, 16, 20 Cadawaller, Kantor, O'Leary, and Dinescu measured documentation of TPADs in the discharge summary, but did not capture other important outcomes, such as receipt of the discharge summary by the patients' physicians, physicians' awareness of finalized TPAD results, timeliness and appropriateness of physicians' follow-up actions in response to the finalized TPAD result, and any patient harm incurred by delays in diagnosis and management as a result of missed TPAD results. 14, 17, 18, 19 Notably, Dalal's primary outcome was physician awareness of TPAD results-an intermediate process measure that may be inaccurate because of reliance on physician self-reporting and may make performance monitoring over time challenging because of survey fatigue. 13 ElKareh's primary outcome was the existence of documented follow-up action when a TPAD result finalizes, which may over-estimate missed test results because of inadequate or inaccessible documentation. 15 Thus, studies should employ not only process outcomes to demonstrate fidelity of the intervention, but also downstream patient outcomes to establish the effectiveness of an intervention in ensuring TPADs are not lost to follow-up.
Lastly, there are several interventions that have not been studied in the context of TPAD management. 3, 21 While there is a body of literature examining the utility of the test management features of EHRs, such as result inboxes, 23 we did not identify any studies that evaluated whether these tools improved TPAD follow-up. Another example is web-based portals that provide patients access to their EHR, yet we did not identify any studies assessing whether use of patient portals in the post-discharge period is effective in reducing the incidence of missed TPADs. Lastly, given the complexity of the process of following up TPADs, an effective solution is likely to consist of a combination of discrete interventions (e.g., improved discharge documentation of TPADs and alerts when results are available), and this approach needs to be studied in future research. The absence of studies evaluating the use of these test management solutions to improve TPAD follow-up presents opportunities for research and quality improvement.
Limitations
Our review has several limitations. First of all, the studies included in our review focused on patients being discharged from medicine inpatient wards. Although we did not limit our search strategy by healthcare setting, we did not find studies of interventions performed in other inpatient or outpatient settings during the screening process. Thus, generalizing our findings to other inpatient services (e.g., surgery) or other ambulatory care settings must be done with caution. Another limitation to generalizing our results is that most included studies were conducted by investigators working in select healthcare systems in the US. Of note, we limited our review to studies undertaken after 2000 and may have missed older studies; however, we believe that studies conducted prior to the widespread implementation of EHRs and electronic communication are unlikely to provide a meaningful contribution to this review. We also did not include information from white papers, blogs, or other Bgray literature,î nstead choosing to focus on peer-reviewed empirical work. Lastly, the quality assessment tool used in this review was derived from prior work and in consultation with the study's senior authors, but has not been broadly validated with experts in the field of TPAD management. 22 
CONCLUSION
In summary, enhanced discharge summary templates, educational interventions for discharging physicians, and email alerts for finalized TPAD results are promising strategies to improve the follow-up of finalized TPAD results. While there is limited evidence to show that these interventions reduce patient harm from delayed follow-up of TPADs, there are a number of practical interventions that should be considered for healthcare systems seeking to improve TPAD follow-up. Given the complexity of the processes necessary to ensure follow-up of TPADs, future research will need to evaluate multifaceted interventions (e.g., improved discharge documentation of TPADs combined with email alerts when results become available).
